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HOHFWULFDOFRQGXFWLYLW\YDOXHV7KHLUSDUWLFOHVL]HGLVWULEXWLRQFODVVLILHVWKHPIURPPRGHUDWHO\FRDUVHWRILQHVRLOV$ODUJHQXPEHU
RIVDPSOHVH[KLELWKLJK&D&2FRQWHQWZKLOHRUJDQLFPDWWHUFRQWHQW LVKLJK LQVDPSOHVFROOHFWHG IURPUHFODLPHGPLQHVSRLOV
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,QWURGXFWLRQ
6XUIDFHPLQLQJDFWLYLWLHVUHVXOWLQVHYHUHGLVWXUEDQFHRIODQG3DUWLFXODUO\PLQHVSRLOVH[KLELWWH[WXUDOSURSHUWLHV
WKDW UDQJH IURPYHU\FRDUVHZLWKD ODUJHDPRXQWRI URFN IUDJPHQWV WRYHU\ ILQHZLWKKLJKFOD\FRQWHQW&RDUVH
PDWHULDO KDVYHU\ ORZZDWHUKROGLQJ FDSDFLW\ZKLOH ILQH WH[WXUHGPDWHULDOVPD\KDYHKLJKEXONGHQVLW\ DQG ORZ
SHUPHDELOLW\([FDYDWLRQDQGGXPSLQJDFWLYLWLHV IUHTXHQWO\ UHVXOW LQKLJKO\FRPSDFWHGVRLORUVSRLO OD\HUV$OORI
WKHVHSK\VLFDOSURSHUWLHVOLPLWZDWHUDQGURRWSHQHWUDWLRQDQGSODQWDYDLODEOHZDWHUUHVHUYHV6KHRUDQHWDO
0LQHVSRLOVRULJLQDWHIURPVXEVXUIDFHOD\HUVDQGDUHW\SLFDOO\YHU\ORZLQRUJDQLFPDWWHU,QDGGLWLRQLQDSSURSULDWH
PDQDJHPHQWRIWRSVRLOUHVXOWVLQHYHQWXDOO\VXEVWDQWLDO ORVVRI1LWURJHQ7KHVHFRQVWUDLQWVOLPLWWKHGLYHUVLW\DQG
DFWLYLW\RIWKHPLFURELDOFRPPXQLW\
6RLOFRQWDPLQDWLRQE\KHDY\PHWDOVLVDQRWKHUFRPPRQFDXVHRIODQGGHJUDGDWLRQRQWKHUHFODLPHGFRDOPLQLQJ
VLWHV+DLJK&RQVLGHULQJWKHDERYHSUREOHPVUHFODPDWLRQLVWKHSURFHVVWRUHVWRUHWKHHFRORJLFDOLQWHJULW\RI
WKHVH GLVWXUEHG PLQH ODQG DUHDV ,W LQFOXGHV WKH PDQDJHPHQW RI DOO W\SHV RI SK\VLFDO FKHPLFDO DQG ELRORJLFDO
SURSHUWLHV LQ DZD\ WKDWPDNHV WKH GHJUDGHG ODQG VRLO IHUWLOH DQG UHVWRUHVPLFURELDO FRPPXQLW\ DQG YDULRXV VRLO
QXWULHQW F\FOHV 6RLO VDPSOLQJ DQG ODE DQDO\VLV LV D FULWLFDO SDUW RI WKLV SURFHVV 7KH XVH RI D VRLO TXDOLW\ LQGH[
FRQVLVWLQJRISDUDPHWHUVVXFKDVRUJDQLF&FRQWHQW&(&S+DYDLODEOHZDWHUFDSDFLW\DQGEXONGHQVLW\PD\DOVR
FRQWULEXWHSRVLWLYHO\IRUWKHHYDOXDWLRQRIVRLOTXDOLW\RQUHFODLPHGFRDOPLQHVLWHV6H\EROGHWDO
,QWKHFDVHRIWKH:HVW0DFHGRQLD/LJQLWH&HQWUHDFRPSOH[RIVXUIDFHPLQHVWKDWSURGXFHVDQQXDOO\0WRI
OLJQLWHDQGH[FDYDWHVPRUHWKDQ0PRIVRLOVDQGURFNVWKHUHFODPDWLRQRIWKHGLVWXUEHGPLQHODQGLVEDVHGRQ
WKH V\VWHPDWLF VDPSOLQJ DQG ODE DQDO\VHV RI  VRLO TXDOLW\ SDUDPHWHUV WKDW FRQFHUQ ERWK WKH VRLO IHUWLOLW\ DQG
FRQWDPLQDWLRQFRQWURO7KHSUHVHQWFRQWULEXWLRQWULHVWRHYDOXDWHWKHUHVXOWVRIWKHDQDO\WLFDOZRUNFDUULHGRXWGXULQJ
WKHODVWIRXU\HDUVEDVHGRQVRLOVDPSOHVFROOHFWHGIURPVHYHQPLQHVSRLOVDQGWRUHDFKDFRQFOXVLRQUHJDUGLQJ
WKHVXLWDELOLW\RIUHFODLPHGPLQHVSRLOVIRUDJULFXOWXUDOXVH
0HWKRGRORJ\
6RLOVDPSOHVZHUHFROOHFWHGIURPVDPSOLQJSRLQWVDQGWKUHH]RQHVRIGHSWKFPFPDQGFP
7KH$PPRQLXPDQGQLWUDWHLRQVFRQFHQWUDWLRQVZHUHGHWHUPLQHGLQWKHUDZVDPSOHV7KHQVDPSOHVZHUHGULHGDW
&IRUKRXUVLQRUGHUWRDYRLGDOWHUDWLRQRIWKHYDOXHVRIFHUWDLQSDUDPHWHUV$IWHUGHDJJORPHUDWLRQRIWKHGULHG
VDPSOHVDQGVLHYLQJWKHIUDFWLRQPPZDVGLYLGHGE\D-RQHVVDPSOHULQWRWZRHTXDOVXEVDPSOHV7KHRQHZDV
XVHGZLWKRXW IXUWKHUSUHSDUDWLRQIRU WKHGHWHUPLQDWLRQRIS+HOHFWULFDOFRQGXFWLYLW\DQGSDUWLFOHVL]HGLVWULEXWLRQ
WKHODWWHUXVLQJWKHPHWKRGRI%RX\RXFRV7KHRWKHUZDVJURXQGHGLQDEDOOPLOOVRWKDWLWVJUDLQVL]HWREH
PPDQGLWZDVXVHGIRUGHWHUPLQLQJWKHFRQFHQWUDWLRQVRIFHUWDLQFDWLRQVDQGDQLRQV
&D&2 FRQFHQWUDWLRQ ZDV GHWHUPLQHG XVLQJ WKH FDOFLXP PHWHU RI %HUQDUG  7KH 2UJDQLF PDWWHU ZDV
GHWHUPLQHG XVLQJ WKHPHWKRG RI:DONOH\ ± %ODFN  7KH$PPRQLXP DQG QLWUDWH LRQV FRQFHQWUDWLRQVZHUH
PHDVXUHGE\ VSHFWURSKRWRPHWU\ DIWHU WUHDWPHQWZLWKSRWDVVLXPFKORULGH 0D\QDUG HW DO $YDLODEOH3ZDV
GHWHUPLQHG DSSO\LQJ WKH PHWKRG RI 2OVHQ  ZKLOH DYDLODEOH . ZDV PHDVXUHG XVLQJ DWRPLF DEVRUSWLRQ
VSHFWURVFRS\DIWHU H[WUDFWLRQZLWKDPPRQLXPDFHWDWH /HDI7KH%RURQFRQFHQWUDWLRQZDVPHDVXUHGZLWK
VSHFWURSKRWRPHWU\ XVLQJ WKH PHWKRG RI D]RPHWKLQH 7KH WRWDO PHWDO FRQFHQWUDWLRQV ZHUH GHWHUPLQHG E\ DWRPLF
DEVRUSWLRQVSHFWURVFRS\RU,&306DIWHUWUHDWPHQWZLWKDTXDUHJLDZKLOHWKHH[WUDFWDEOHPHWDOFRQFHQWUDWLRQVZHUH
GHWHUPLQHGZLWK WKH VDPHGHYLFHVDIWHU H[WUDFWLRQZLWK'73$$OORZD\ ,62/LQGVD\HW DO
([FKDQJHDEOH . 1D &D DQG 0J ZHUH GHWHUPLQHG ZLWK DWRPLF DEVRUSWLRQ IODPH VSHFWURSKRWRPHWHU DIWHU
H[WUDFWLRQ ZLWK DPPRQLXP DFHWDWH S+  7KRPDV  )LQDOO\ ([FKDQJHDEOH 6RGLXP 3HUFHQWDJH ZDV
FDOFXODWHGXVLQJWKHIROORZLQJHTXDWLRQ
(63 ([FKDQJHDEOH^1D&D0J.1D`
5HVXOWVDQGGLVFXVVLRQ
3.1. Basic physical and chemical characteristics of soils 
$FFRUGLQJWRWKHUHVXOWVRIODEDQDO\VHVWKDWDUHVXPPDUL]HGLQ7DEOHWKHUHFODLPHGVRLOVDUHFKDUDFWHUL]HGE\
DQ DONDOLQH S+ DQG QRUPDO HOHFWULFDO FRQGXFWLYLW\ YDOXHV 7KHLU SDUWLFOH VL]H GLVWULEXWLRQ YDULHV IURPPRGHUDWHO\
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FRDUVHWRILQH,QPDQ\VDPSOHVSDUWLFXODUO\ORZFOD\SHUFHQWDJHVKDYHEHHQGHWHUPLQHGDW\SLFDOIHDWXUHRIUHFHQWO\
IRUPHGVRLOV7KHRUJDQLFPDWWHUFRQWHQWYDULHVIURPPLQLPDOWRKLJK7KHODWWHUDSSOLHVWRVDPSOHVFROOHFWHGIURP
WKHPLQHVSRLOVZKHUHOLJQLWHVHDPVRIORZFDORULILFYDOXHKDYHEHHQGXPSHG5HGXFWLRQRIRUJDQLFPDWWHUFRQWHQW
ZLWKGHSWKZKLFK LV W\SLFDO LQQRUPDODJULFXOWXUDOVRLOV LVQRWREVHUYHG$ODUJHQXPEHURIVDPSOHVH[KLELWKLJK
&D&2FRQWHQW7KHUHDVRQEHKLQGLWLVWKDWPRVWPLQHVSRLOVZHUHIRUPHGE\PDUOVWKDWKDYHEHHQUHFHQWO\GXPSHG
DQG WKHUH ZDV LQVXIILFLHQW WLPH WR ZDVK &D&2 &DWLRQ ([FKDQJH &DSDFLW\ &(& LV KLJK PDLQO\ GXH WR KLJK
FRQFHQWUDWLRQVRI)HLQDVVLPLODEOHIRUP
7DEOH0DLQVRLOTXDOLW\FKDUDFWHULVWLFVRIUHFODLPHGOLJQLWHPLQHVSRLOVRIWKH:HVW0DFHGRQLD/LJQLWH&HQWUH*UHHFH
Parameter Min Max Average Optimal values 
S+    
(OHFWULFDOFRQGXFWLYLW\ȝ6FP    
&D&2HT    
2UJDQLFPDWWHU    
3PJNJ    !
(63    
%PJNJ    !DQG
1+PJNJ    
12PJNJ    
&DPJNJ    !
.PJNJ    !
1DPJNJ    
0JPJNJ    !

1XWULHQWV FRQFHQWUDWLRQV H[KLELW D ZLGH YDULDWLRQ GHSHQGLQJ RQ WKH HOHPHQW DQG VDPSOLQJ GHSWK 6XIILFLHQW
FRQFHQWUDWLRQV RI WKH H[FKDQJHDEOH FDWLRQV. &D DQG0J KDYH EHHQ GHWHUPLQHG LQ WKHPDMRULW\ RI WKH VRLO
VDPSOHV7KH3KRVSKRUXVFRQFHQWUDWLRQVDUHEHORZWKHJHQHUDOO\DFFHSWHGDYDLODELOLW\OHYHORIPJNJ5HJDUGLQJ
WKHDYDLODELOLW\RIPLFURQXWULHQWVRQO\=QH[KLELWVGHILFLHQF\ZKLOHWKH)HDQG0QFRQFHQWUDWLRQVDUHWRRKLJK
3.2. Heavy metals concentrations 
$FFRUGLQJWR WKH*UHHNOHJLVODWLRQWKHUHDUHQRVFUHHQLQJYDOXHVWRUHJXODWH ODQGFRQWDPLQDWLRQUHODWHGWRKLJK
FRQFHQWUDWLRQVRIKHDY\PHWDOV+RZHYHUVHYHUDO(XURSHDQDQG1RUWK$PHULFDQFRXQWULHVKDYHDGRSWHGVRLOTXDOLW\
VWDQGDUGVZKLFKDUHFODVVLILHGLQWZRFDWHJRULHV
x 6FUHHQLQJYDOXHVWKDWDUHQRWUHODWHGWRODQGXVHV7KH'XWFK6RLO3URWHFWLRQ$FWGHWHUPLQHVWZRJHQHULFULVN
EDVHG VRLO VFUHHQLQJ YDOXHV WDUJHW YDOXHV ZKLFK DUH UHODWHG WR WKH QHJOLJLEOH ULVN IRU HFRV\VWHPV DQG
LQWHUYHQWLRQYDOXHVZKLFKLPSO\UHPHGLDODFWLRQ&DUORQ
x 6FUHHQLQJYDOXHVUHODWHGWRODQGXVHV,Q&DQDGDWKHUHFRPPHQGHGVRLOTXDOLW\JXLGHOLQHVFRQWDLQOLPLWYDOXHV
IRU  VXEVWDQFHV ZKLFK GLIIHU DFFRUGLQJ WR WKH IROORZLQJ IRXU W\SHV RI ODQG XVHV DJULFXOWXUDO SDUNODQG
FRPPHUFLDODQGLQGXVWULDO&64*
,W LV ZRUWK QRWLFLQJ WKDW VFUHHQLQJ YDOXHV YDU\ ZLWKLQ D ZLGH UDQJH )RU LQVWDQFH DFFRUGLQJ WR WKH *HUPDQ
)HGHUDO 6RLO 3URWHFWLRQ $FW LQ LQGXVWULDO VLWHV &UWRW DQG 1L WULJJHU OHYHOV DUH  PJNJ DQG  PJNJ
UHVSHFWLYHO\ZKLOH WKH&DQDGLDQJXLGHOLQHVVHWVIRU WKHVHPHWDOV WKHVFUHHQLQJYDOXHVRIPJNJDQGPJNJ
7KLVLVEHFDXVHLQWKHILUVWFDVHWKHWULJJHUYDOXHVDUHUHODWHGWRWKHHQIRUFHPHQWRIUHPHGLDODFWLRQIRUWKHSURWHFWLRQ
RIKXPDQKHDOWKZKLOHLQWKHVHFRQGFDVHWRORQJWHUPTXDOLW\REMHFWLYHVIRUHFRV\VWHPVSURWHFWLRQ
$FFRUGLQJWR WKHUHVXOWVVKRZQLQ7DEOH WKHDYHUDJHKHDY\PHWDOVFRQFHQWUDWLRQVDUHEHORZWKHLQWHUYHQWLRQ
YDOXHVGHWHUPLQHGE\WKH'XWFK6RLO3URWHFWLRQ$FWZLWKWKHH[FHSWLRQRI1L&UWRWFRQFHQWUDWLRQVDUHDOVRKLJKEXW
GRQRWH[FHHGWKHLQWHUYHQWLRQYDOXH,WPXVWEHQRWHGWKDWWKHFRQFHQWUDWLRQVRI1LDQG&UWRWYDULHVZLWKLQDZLGH
UDQJH+LJKHUYDOXHVDUHUHODWHGWRWZRPLQHVORFDWHGFORVHWRRSKLROLWHVURFNVULFKLQ1LDQG&UWRW1HYHUWKHOHVVIRU
WKHVH WZRPHWDOV V\VWHPDWLFPRQLWRULQJ RI WKHLU FRQFHQWUDWLRQVPXVW EH FRQWLQXHG DFFRUGLQJ WR WKH VWDQGDUGV RI
(XURSHDQGLUHFWLYHVDQG81)RRGDQG$JULFXOWXUH2UJDQLVDWLRQJXLGHOLQHV
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